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Coordinating the economy’s needed graduates and their actual 
numbers: A relative index using an input-output methodology. 
 
 
1. Introduction 
When students attend college in order to obtain higher levels of education and 
consequently increase their level of income, some of them may take into account the 
importance of job availability for the career they are choosing. If the economy has 
perfect flow of information, any student could instantly know which careers are being 
demanded by all the economic sectors and also the number of graduates by career. 
Thus, the decision of which career to choose could only result in efficient employment 
after graduation.  
If such information was available, unemployment rates would easily drop down and 
national productivity rates would rise rapidly. First, individuals could easily know what 
careers are required by the economy and access them in order to obtain jobs faster. 
Then, if graduates work in the economic sectors where they are actually needed, each 
one of these sectors would efficiently increase productivity and competitiveness. 
The World Economic Forum (2012) in the Global Competitiveness Report highlights the 
necessity of “workers who are able to perform complex tasks and adapt rapidly to their 
changing environment and the evolving needs of the economy”. One of the points this 
organization evaluates in order to rank each country’s competitiveness level is the labor 
market efficiency, and it states that it must guarantee that “workers are allocated to their 
most  effective  use  in  the  economy’’.  This  reflects  the  importance  of  coordinating  the 
information of skill demand and supply in order to increase productivity. 
The World Competitiveness Yearbook developed by IMD Business School also 
computes a well-known ranking for competitiveness. Using a certain set of factors, it 
evaluates each one of these factors in the corresponding country and then generates an 
index based on the results. It is possible to see the importance of the present work by 
realizing that these factors include: employment by sector, labor productivity, and 
availability of skills and education (IMD, 2013). Obtaining good results in such criteria 
would increase competitiveness significantly. 
This work will contribute to this information by determining the proportions of each field 
of education that productive sectors demand and comparing this data to the actual 
graduates in the economy. 
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Although the significance of this information has already been addressed, no other 
study has used the present input-output matrix methodology in a similar way. 
This article uses the national input-output matrix by economic sectors and the graduates 
by field of education data. First, the input-output matrix is used to calculate proportional 
relations between each sector, creating the Proportion of Inputs Matrix. Then, the 
Sector-Field Relation Matrix is created to determine which fields of education are 
related to the economic sectors. Using these two matrixes, the Sector-Field Proportion 
Matrix is calculated to indicate how each economic sector uses each field of education. 
Finally, the results obtained with the final matrix are compared to the graduates by field 
of education data in order to achieve pertinent conclusions.  
The result corresponds to a difference between graduates by field of education and the 
actual field of education requirement in the economy. This difference represents a 
number that cannot mean anything by itself; it is hard to know if the number obtained 
shows good performance in field of education supply-demand correspondence. Thus, it 
is necessary to apply this methodology for two economies and analyze the results as a 
relative index. 
The main country chosen for this methodology was Colombia, and because the input-
output matrixes for both countries should have similar number of sectors1, the other 
country is Mexico. Therefore, Mexico will only serve to this work as a comparing 
economy for the calculated relative index. 
The importance of finding correspondence between the graduates in a country and the 
economy’s  availability  to  place them efficiently was previously commented by Barton 
(2008). He addressed the importance of finding the right number of graduates and their 
skills that the nation needs to produce in order to guarantee the nation’s prosperity. He 
clearly also relates the importance of this information to national productivity matters. 
This study will attempt to reach this statement by using a methodology that finds the 
right proportion of graduates for each skill that the economy requires. 
Manaconda, Sanchez-Paramo, & Schady (2010) analized relationships between the 
productive sector and education skills for Latin America, and they found how the input 
level of skills affected salaries in the economy. Valadkhani (2003), using the input-
output matrix (with a different methodology) determined the high employment 
generating industries in Australia but did not extend to compare results to graduate 
data. Heon-Goo & Lee (1998) also used the input-output matrix to find changes in the 
productive sector according to educational changes. All of these studies contribute to 
the education supply-demand topic and some used the input-output matrix to do this, 
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but none of them are trying to find how each field of education is required in the 
economy. 
Johnson (1970) also compared the labor market and the graduates using econometric 
models to analyze labor demand by educational category. His work includes 
relationships between salaries, graduate supply, hiring decisions, levels of education, 
among other variables. Unlike the present study, conclusions in his study refer only to 
the effects of one variable on the other. 
Bullock, Litzenberg, & Bessler (2002) questioned the necessary professionals for the 
agricultural, food, and natural resources sectors in the US. They used macroeconomic 
indicators and placement data to forecast the required human resources with an 
econometric methodology. Their work focused on the importance of these studies in 
terms of sector efficiency, and how inaccurate forecasts may result in adequate 
professionals not available when required. Although they highlight the significance of 
the educational system to meet different sector demands, their work only presents 
forecasting data. 
Prais (1995), based on industry data collected during 10 years of research, analyzed 
the requirements of vocational training and education in order to meet the requirements 
of advanced technologies. He explained how this coordination reduces unemployment 
rates and increases productivity, but never used methods related to the input-output 
matrix that could obtain clear data regarding this topic on any economy.  
Lau, Jamison, & Louat (1991) used an econometric model to study the channels 
through which education affected productivity, and how there must be skilled manpower 
to make efficient use of the national resources to push development forward. The 
present study adds to their work by using a methodology to determine how much of this 
skilled manpower is needed in the economy. 
Bills (2003) discusses theories regarding how employers and job seekers acquire and 
use labor market information. He argues certain economic models that do not explain 
adequately the mechanisms of job placement, and indicates how transformations of the 
labor market can further create relationship between education and job assignment. In 
this study there is also the possibility of creating such relationship not by proposing 
transformation of the labor market, but by using a new input-output approach that can 
assess the current status of the relationship.  
Harvey (2000) also debates the relationship between higher education and 
employment. He explores the implication of organizational change for graduates and 
considers the skills graduates will further need to enhance their abilities and easily 
adapt to employment with new characteristics. Harvey shows the importance of skill 
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training for future productivity, and this methodology will give a certain approach on how 
the economy is currently requiring such skills. 
Finally, the input-output model has been used for different studies besides the 
productivity-education relationship because its applicability as an instrument for 
economic analysis is very wide (Hernández E. , 2005). The present study will put this 
statement to the test by using the input-output matrix to develop a methodology never 
seen in any other study. 
Although the mentioned authors argued the importance of finding relationships between 
education and the productive sectors, and they highlight the impact of this relationship 
on employment efficiency and national productivity, none of them has yet reached an 
indicator that shows the level of education-production coordination. Also, there is no 
knowledge of any study regarding this topic applied for Colombia or Mexico. 
This paper will contribute to these studies by overcoming the missing information 
regarding how the economy demands different graduates by field of education. It will be 
shown which fields are required by each economic sector in order to obtain an 
appropriate relative indicator for the education-production coordination. 
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2. Methodological strategy 
2.1 Data 
The input-output matrix was created by Wassly Leontief in 1966 with the purpose of 
integrating  the  empirical  data  with  economic  theory,  ‘’on  one  side,  we  have  a  highly 
developed theory without facts to corroborate it. On the other, a large amount of data 
without any theory that integrates them’’ (Leontief, 1966). The matrix allows the user to 
analyze economic relationships between different sectors and use them for various 
purposes. In this study, the matrix will allow to obtain conclusions about field of 
education requirements for every economic sector. 
The matrix is composed of three sub-matrixes: Intermediate demand, imports and value 
added, and final demand (Tenjo, Gracia, & Karl, 2006). In this study, only the 
intermediate demand will be used because the analysis only requires the flow of 
resources between sectors. In the intermediate demand matrix, the rows describe the 
distribution of production from one sector to the others and the columns describe the 
inputs required by one sector from the other sectors (Bonet, 2000). These means that 
the sum of the flows for one entire row shows the total output for the sector, and the 
sum of the flows for one entire column shows the total input for the sector. 
 For further information regarding the construction procedure of the matrix and its 
assumptions, see Hernández (2012). 
This study was applied for Colombia and Mexico, and the results for each country were 
compared to obtain conclusions. The reason for choosing Mexico to be compared to 
Colombia is related to the similar number of sectors2. The matrix constructed for 
Colombia3 has a total of 61 sectors (Departamento Administrativo Nacional de 
Estadística, 2013), and the matrix constructed for Mexico has a total of 79 sectors 
(Instituto Nacional de Estadística y Geografía, 2013). The methodology does not 
consider the effects of choosing matrixes that have large differences in the number of 
sectors. To omit such possible effects, a matrix with a similar number of sectors had to 
be chosen.  
The fields of education used for this analysis correspond to the 8 fields established by 
the Colombian Ministry of Education and described in Observatorio Laboral (2011), 
which are the results of grouping programs with certain similarities. These 8 fields are: 
 Agronomy, Veterinary, and related fields 
 Arts 
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 Education 
 Health and welfare 
 Social sciences 
 Economics, administration, accounting, and related fields 
 Engineering, architecture, urbanism, and related fields 
 Science and math 
The number of graduates by each field of education is the number to be compared with 
the input-output matrix methodology. In Colombia, the data is collected from the 
Ministerio de Educación Nacional (2011) graduates report. For Mexico, the data is 
obtained from the OECD (2010) databases4. 
2.2 Methodology 
The methodology consists of constructing three matrixes: the Proportion of Inputs Matrix 
(3.2), the Sector-Field Relation Matrix (3.3), and the Sector-Field Proportion Matrix 
(3.4). Then, results can be compared with the graduates by field of education data. But 
explaining the construction of the three matrixes for both countries using the actual data 
can be complicated due to their size. To achieve this purpose in a simpler way, an 
example input-output matrix of 4 economic sectors will be used: 
!∀#∃%&∋ >ΣΤΥΑ<ς∃<ΤΟ∀ Κ>Ν<Ω>Α∃<ΤΥΝΣ∀ =ΟΤΞΥΑΟ=∀ ΣΘΞΟΤΝΚΟΝ∃∀
>ΣΤΥΑ<ς∃<ΤΟ∀ ΡΗ∀ ΓΗ∀ #Η∀ 8Η∀
Κ>Ν<Ω>Α∃<ΤΥΝΣ∀ 6Η∀ !ΗΗ∀ ΨΗ∀ ΡΗ∀
=ΟΤΞΥΑΟ=∀ !8∀ 8Η∀ ΡΗ∀ ΨΗ∀
ΣΘΞΟΤΝΚΟΝ∃∀ 78∀ 6Η∀ 78∀ 88∀
 
The example input-output matrix shows cash flow between the economic sectors. Manufacturing has an input of 70 units from 
agriculture. Similarly, agriculture has an output of 70 units to manufacturing. 
 
In addition, only 4 fields of education are used in the example: Agronomy, veterinary, 
and related fields; engineering, architecture, urbanism, and related fields; economics, 
administration, accounting, and related fields; and social sciences.  
The example matrix is only used for explanatory purposes in points 3.2, 3.3, and 3.4. 
The results in point 3.5 contain the actual data using the input-output matrix for 
Colombia and Mexico. Formulas will also consider the actual data, where there are n 
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economic sectors5 and 8 fields of education. Matrixes with the actual data for Colombia 
can be seen in the annexes 1 - 56.  
 2.2.1 Proportion of Inputs Matrix 
This matrix shows the inputs that each sector needs from all the other sectors in a 
proportional way.  
First, let 隙沈珍 be the cash flow from sector 件 to sector 倹, 券 be the number of sectors and 傑珍 
be the total input needed by each sector 倹: 
!∀#∃%&∋ >ΣΤΥΑ<ς∃<ΤΟ∀ Κ>Ν<Ω>Α∃<ΤΥΝΣ∀ =ΟΤΞΥΑΟ=∀ ΣΘΞΟΤΝΚΟΝ∃∀
>ΣΤΥΑ<ς∃<ΤΟ∀ ΡΗ∀ ΓΗ∀ #Η∀ 8Η∀
Κ>Ν<Ω>Α∃<ΤΥΝΣ∀ 6Η∀ !ΗΗ∀ ΨΗ∀ ΡΗ∀
=ΟΤΞΥΑΟ=∀ !8∀ 8Η∀ ΡΗ∀ ΨΗ∀
ΣΘΞΟΤΝΚΟΝ∃∀ 78∀ 6Η∀ 78∀ 88∀傑倹∀ !8Η∀ #8Η∀ #Η8∀ #78∀
 
Here, services has a total input of 205 units from all the other sectors. 
 傑珍 噺 布 隙沈珍津沈退怠  欠券穴 倹 噺 な┸ に┸ ┼ ┸ 券 
Now, let 鶏沈珍 be the proportion of input that sector 倹 requires from sector 件, the Proportion 
of Inputs Matrix would be: 
!∀#∃%&∋ >ΣΤΥΑ<ς∃<ΤΟ∀ Κ>Ν<Ω>Α∃<ΤΥΝΣ∀ =ΟΤΞΥΑΟ=∀ ΣΘΞΟΤΝΚΟΝ∃∀
>ΣΤΥΑ<ς∃<ΤΟ∀ Η?7ΗΗ∀ Η?#ΨΗ∀ Η?ΗΦΨ∀ Η?#Η7∀
Κ>Ν<Ω>Α∃<ΤΥΝΣ∀ Η?#ΗΗ∀ Η?7ΗΗ∀ Η?6ΦΗ∀ Η?#78∀
=ΟΤΞΥΑΟ=∀ Η?!ΗΗ∀ Η?#ΗΗ∀ Η?#Φ6∀ Η?6#Γ∀
ΣΘΞΟΤΝΚΟΝ∃∀ Η?6ΗΗ∀ Η?!#Η∀ Η?##Η∀ Η?##7∀
 
Of all the inputs agriculture requires, 10% come from services. 
 鶏沈珍 噺   諜日乳跳乳  欠券穴 件┸ 倹 噺 な┸ に┸ ぬ┸ ┼ ┸ 券 
In the input-output matrix, every coefficient can be read as input and output. In the 
Proportion of Inputs Matrix, each coefficient can only be interpreted as input information. 
These coefficients will be used in section 3.4 to calculate the final matrix. 
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2.2.2 Sector-Field Relation Matrix 
The following matrix intends to show the relationship that each sector has with every 
field of education. Every sector requires certain skills in order to be functional and have 
productivity, and these skills must be related to educational disciplines.  
Given the sectors and the fields of education, the process of finding the skills that 
successfully relates them is probably the hardest part of this work. Affirming that certain 
sector requires workers trained under certain discipline can be subjective and opened 
for discussion. Thus, any modification in this relationships caused by different points of 
view could change the results of the model significantly.  
In addition, there is not only the difficulty of finding the correct sector-field relationship, 
but also the possibility that some sectors require more than one discipline in order to be 
functional and productive. And if these sectors require more than one discipline, should 
all relationships be treated with the same significance? Probably not, perhaps one field 
should have more importance if it is strictly related to the main activity of the sector. 
Proportions of each field in every sector could be found if they were to be rigorously 
investigated within the economy, but such approach would exceed the limits of this 
work. 
In order to overcome the difficulties exposed and easily assign relationships between 
each sector and the fields, two assumptions where taken: 
 The assigned fields of education must be directly related to the principal activity 
of the sector. 
 Every sector that involves manufacturing is related to Economics, administration, 
accounting and related fields. 
The following section will discuss the limitations of these assumptions. 
Let 迎沈珍 be the existing sector 件 – field 倹 relationship and 系沈 the number of relationships 
each sector 件 has with the fields of education. 
!∀#∃%&()∗∀+,∋
!5∀>ΣΤΘΝΘΚ∴?∀
ΞΟ∃ΟΤΥΝ>Τ∴?∀>ΝΜ∀
ΤΟς>∃ΟΜ∀ΩΥΟςΜ=∀
#5∀ΟΝΣΥΝΟΟΤΥΝΣ?∀
>ΤΑ]Υ∃ΟΑ∃<ΤΟ?∀<ΤΒ>ΝΥ=Κ?∀
>ΝΜ∀ΤΟς>∃ΟΜ∀ΩΥΟςΜ=∀
65∀ΟΑΘΝΘΚΥΑ=?∀>ΜΚΥΝ=∃Τ>∃ΥΘΝ?∀
>ΑΑΘ<Ν∃ΥΝΣ?∀∀>ΝΜ∀ΤΟς>∃ΟΜ∀
ΩΥΟςΜ=∀
75∀=ΘΑΥ>ς∀
=ΑΥΟΝΑΟ=∀ 察餐!!
>ΣΤΥΑ<ς∃<ΤΟ∀ ∀!∀ Η∀ Η∀ Η∀ !∀
Κ>Ν<Ω>Α∃<ΤΥΝΣ∀ ∀∀Η∀∀ !∀ !∀ Η∀ #∀
=ΟΤΞΥΑΟ=∀ ∀Η∀ Η∀ !∀ Η∀ !∀
ΣΘΞΟΤΝΚΟΝ∃∀ ∀Η∀ Η∀ Η∀ !∀ !∀
 
Manufacturing skills are directly related to field 2. Also, the second assumption requires another relationship to field 3. 
 
Φ∀
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迎沈珍 噺 な┺ 結捲件嫌建件券訣 堅結健欠建件剣券嫌月件喧  迎沈珍 噺 ど┺ 券剣券 結捲件嫌建件券訣 堅結健欠建件剣券嫌月件喧 
系沈 噺   布 迎沈珍 褐 件 噺 な┸ に┸ ぬ┸ ┼ ┸ 券腿珍退怠  
 
The first assumption states that fields which are not directly related to the sector´s 
principal activity must not be taken into account. This is not necessarily true. There is a 
possibility of finding any discipline on any sector (e.g. a lawyer working in manufacturing 
as legal advisor). Further research would be needed in order to find proportional 
relations for every sector to make this matrix more accurate. 
The second assumption states that every manufacturing process requires 
administration skills and so must have a relationship with field 3. Again, research could 
determine how these relationships are present in reality, but such approximation would 
require large amounts of time and effort if every sector is to be evaluated.  
It is clear that both assumptions can be debated. This is the main reason why the 
methodology was applied for two countries. The assumptions taken to create the 
Sector-Field Relation Matrix generate discussion, but the reader will verify different and 
intuitive results for both countries in the following pages. 
 
2.2.3 Sector-Field Proportion Matrix 
The matrixes from sections 3.2 and 3.3 must now work together to calculate the Sector-
Field Proportion Matrix. This is where every economic sector shows the proportion of 
input it uses from each field of education.  
Let 桁沈珍 be the proportion of inputs that each sector 件 requires from field 倹.  
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Agriculture needs 40% from field 1. 
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桁! 噺   鶏沈珍 系沈板  
激沈 噺   布 桁沈珍津珍退怠  褐 件 噺 な┸ に┸ ぬ┸ ┼ ┸ ぱ 
布 桁沈珍 噺 な 褐 倹 噺 な┸ に┸ ぬ┸ ┼ ┸ 券腿沈退怠  
 激沈 is the sum of the proportions of inputs that each sector requires from all the fields of 
education. Thus, 激沈 allows comparing the input-output matrix data with the graduates in 
the economy. 
 
3. Results and discussion 
Using 激沈, the percentage of each field of education required in the economy ガ激件 can 
be calculated. This percentage is afterwards compared to the actual percentage of 
graduates by field of education ガ撃沈 through a simple difference.  
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From these  results,  g  describes  the  sum of  all  differences between  the  graduates by 
field of education required in the economy and the actual graduate percentage. 
According to these results, Colombia has a total difference of 74.86% between the 
required field percentage and the actual data, and Mexico has a total difference of 
41.43%.  
 
The objective of this methodology was to find an indicator that showed the education-
production  coordination  in  a  certain  economy,  and  that  is  the  definition  of  g.  The 
indicator is composed by the sum of the differences between the required field 
percentage by all sectors and the current field graduation percentage. 
For example, the Colombian productive sectors require that 8.69% of the labor force is 
specialized in science and math. But the actual data shows that only 1.66% of the total 
graduates did specialize in this field. Thus, there is a 7.02% difference only for science 
and math. In the case of Mexico, this difference is 0.36%. The lower difference for 
Mexico could reflect a more efficient assignment of science and math graduates in the 
economy. 
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The sum of these differences for each one of the 8 fields shows the total difference 
found between the requirements of the economy and the actual graduates, which 
represents the g indicator. Hence, lower values of g result from low differences in every 
field of education, and this could show efficient employment and consequent 
productivity. 
 
5. Conclusions 
The methodology shows that Colombia has a statistically8 higher difference between the 
field of education percentage required in the economy and the actual graduate by field 
data than Mexico. This graduate supply and field requirements disparity may be a sign 
of national productivity problems.  
Efficiency for the coordination between the educational sector and the productive 
sectors would require certain flow of information that allows students to decide what 
careers to study in order to supply all the economic sectors where these fields are 
required, allowing  g  to  be  lower. In other words, high productivity is marked by low 
values for g  that describe economies where graduates by field of education match the 
requirements of the economic sectors. 
The World Economic Forum (2012) shows in the Global Competitiveness Report that 
Mexico’s GDP per capita is 30% higher than Colombia’s, similar to the difference found 
between the g for each country9. This does not mean that g can be used as a GDP per 
capita difference proxy, but it certainly supports the results of this methodology: Mexico 
is more productive than Colombia. 
Other competitiveness reports also sustain the results of this model by ranking Mexico 
in a higher position than the position given to Colombia. The World Competitiveness 
Scoreboard 2013 (IMD, 2013) ranked Mexico in the 37th position while Colombia was 
given the 52th for the 2012 scoreboard; as to 2013, Mexico was given the 32th position 
while Colombia was ranked in the 48th. 
 The International Competitiveness Index calculated by the Mexican Institute for 
Competitiveness (IMCO, 2013) also puts Mexico in a better position than Colombia. The 
index is composed of 10 factors that evaluated together can give a general indicator for 
competitiveness, and the importance of human capital correctly allocated in the 
economy is taken into account to generate the index. Mexico has the 32th position while 
Colombia ranks below in the 41th position. 
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Further studies can improve this methodology by creating an indicator that reflects the 
fields of education relationships with economic sectors more accurately. For example, 
every sector can be studied to obtain precise information regarding the participation of 
each field of education on the sector activity. This would certainly reduce the error 
caused by the assumptions of sector-field relationships. 
Also, given that the input-output matrixes for every country usually have different 
number of sectors, further research could allow the comparison between matrixes of 
different size without compromising the results of 激沈 
Nevertheless,  the  calculation of  g  using national  data  such as  the  input-output matrix 
addresses the importance of finding coordination between the education disciplines 
required by all the economic sectors and the actual graduates in the economy. This 
coordination is important to guarantee fast and efficient employment that allows 
increase of productivity for the country. 
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Annex 1: Sectors (Colombia)
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Annex 2: Input-Output Matrix (Colombia)
!∀#∃%& ∋ ( ) ∗ + , − . / ∋0 ∋∋ ∋( ∋) ∋∗ ∋+ ∋, ∋− ∋. ∋/ (0 (∋ (( () (∗ (+ (, (− (. (/ )0 )∋ )( )) )∗ )+ ), )− ). )/ ∗0 ∗∋ ∗( ∗) ∗∗ ∗+ ∗, ∗−
∋ ! ! ! ! ! ! ! ! ! ! ! ! ∀ #∃%∃ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
( ∃& ∋∃∃ ∀#( ! ! ! ! ! ! ∀ )&∃ ∀∋ ∀∗%% ! ∀∋!∋ ∀#% ∀∃! ! ∀#∃ ∃∃! ∀! ∀& ! ! ! ! ! ∃ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ∀∀(# ! !
) ! ∋∀ %∗∀ ! ! ! ! ! ! %∗∗! ! ∃)%% %∃ ! ! ∃ ) ! ! ! ! ∀∃ ! ! ! ! ! # ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! #)% ! !
∗ ! & ! )∗ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ∀ ! ∀ ∃)& #% ! ! ∀) ) ∀ ! ! ! ! & ) ! ! ! ! ∀!∀ ∀&∃ ! ! ! ! !
+ ! ! ! ! () ! ! ! ! #∗∃ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ∀∋∀ ! !
, ! ! ! ! ! (∗ ! #∃ % # ) ∀ ( ! ∀! ∃ ∀ ( ! ∀∃ ∀ ( ∀ ∀ ∀( ! ∃( ∀! ! (∋ ∃% ! ! ! ! ! ! ∋∗ ! ! ! ! ! ! ! ! !
− ! ! ! ! ! ! ∀%&∗ ! ! ∃ ∀ ∋ # ∃ ! ∀ ∀ % ! & ! ( ∀ ∀ ∀( ! ∋##∀ ∗ ∀ ∃) ∀& ! ! ! ! ! ! ∃)& )∃( ! ! ! ! ! ! ! !
. ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! & ∀#&( ! ! #∋ ! ! ! ! ! ! ! ! ! ! ! ∀ !
/ ∀ ∀ # ! ∀ )# ! ∀% ∀∀ ! ∋ ! ∋ ! ! ! ! ∀ ! ∀ ! ! ! ! ∃ ! ! %! ∀ #∋∋ ∗ % ∀ ! ! ∗ ! ! ! ! #∃∀ ∋&∀ ! ! ! ! !
∋0 ! ! ! ! ! ! ! ! ! (() ! ∃ ∀∀( ! ! ! ∋) ! ! ! ! ∀# #∀) ∀( ! ! ! ∃ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ∀%!( ! !
∋∋ ! ∀ ∀∀ ! ! ! ! ! ! ∃! (∗∗ ∀) ∃(∃ ! ! ∀) #% ! ! ! ! ! ! ! ! ! ! ∃!& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ∃∋& ! !
∋( ! ! ! ! ! ! ! ! ! ! ( ∀!% ∀∀∃ ! ! ∃( ∃# ∀ ! ! ! ! ! ! ! ! ! # ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ∋#∃ ! !
∋) ! # ∃#!% ! )∗ ! ! ! ! ∀! ! ∀∋ ∀#∃∀ ! ∀ )% %∃ )) ! ∀∃ ! ! ! ∀ ∗ ! ! ∀∃ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ∀!(∀ ! !
∋∗ ! ! ! ! ! ! ! ! ! ! ! ∃∗ ∀ )∋) ! ∋ ∀ ! ! ! ! ∀ ! ! ! ! ! ∀ ! ! ∀ ! ! ! ! ! ! ! ! ! ! ! ! ∀ ∀## ! !
∋+ ! ! ! ! ! ! ! ! ! ! ! #& ∀!! ! #) ∀∀& )) #∗% ∀ ! ! ! ! ! ! ! ! ∋∗ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ∀&# ! !
∋, ! ! ! ! ! ! ! ! ! ! ! ∀∀ ∃% ! ! ∗ ∃ ! ∀ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ∀∋# ! !
∋− ! ! ! ! ! ! ! ! ! #% ∀ ∋) (∋ ! ! ) ∀#! ∀!! ! ! ! ! ! ! ! ! ! & ! ! ! ! ! ! ! ( ! ! ! ! ! ! ! ! #∋& ! !
∋. ! ! ! ! ! ! ! ! ! ∃ ! ! # ! ! ∋ ∀ ∃!( ! ! ! ! ! ! ∀ ! ∀ ∀( ∀ ! ! ! ! ! ! ! ! ! ! ! ! ! ∃∀ ! ∀)%) ! !
∋/ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ∀ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
(0 ! ∀ ! ! ! ! ! ! ! ! ! ! ∀ ! ∀ ! ! ! ! ∋(! ∀)∋ ∀!&( ∀%( ∃ ∀∗ ∀ ! ∀! ∋ ∃ # ! ∃ % ∃∋) # ! ! ! ! ∀ ! ! (! ! ! !
(∋ ∃) ∋& ! ! ! ! ! ! ! ∀ ! ! ∀ ∃ ! ! ! ! ! ! #∗ ∀!! ∀∗ ∀∋ ∃( & ! ∃ #% ! ∀ ∃ ∀ ∀∃ ∀∀ ( ! ! ! ! #) ! ! ! &∗ ! !
(( ! ! ∀∀ ! ! #! # ∗ ∋ ! ! ! ∃ ! ! ! ! ! ! ! ∃ ∀∋!∃ % ∀) ∗ ! ! ∀ ∀∋ ! ! ! ! ∀ # ∀ ! ! ! ! ! ! (∀ ∀# ∋# ∗ !
() ! ! ∃ ! ∃ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ∃∃ #∀& (( ! ∃ ! ! # ! ! ! ! ∃ % ) ! ! ! ! ! ! ! ∃ ! ∀ !
(∗ ! )∀ ∀∗ ∀% ! ! ∀ #( ∀# ! ! ∃ ∀ ! ! ∃ ! ! ! ! ! ∀ ! ∀!∋ ∀ ∀ ! ∋ ∀∀ & ∀∗ & & ) #)& ∋ ! ! ! ! %%∀ ∃∀& ∗( ∃ ) ∀ !
(+ ! ∋∃ ∀# ! # ∀∃ ∀ ! ∀ %∃ ∃( %∋ )( ∗ ∀( && &( &( #∗ ∀) ∀∀ )& ∃! ∀∗ ∗∀∃ %!# ∀! ∃∀( &( ∀∃) #∗ ∃) )) ∀∃ #( #∀ ! ! ! ! ∃ ∃ ∀)) ∀∀ ∀∀ # !
(, ! # ! ! ! # ∃ ! ! ∀∋ ∀∀ #) #∃ # ∃ ## #∀ &! ∀ # ∃ ∃∗ ) ∃ #& ∀∋! # ∀∋∋ ∀% ∀∃ ∀∋ ∀∀ & % ∋ ∗ ! ∀# ∋ & ∀ ∃ &∋( #( ∋∃ ∃ !
(− ∗ )( ∀!! ! ∗ ∋∗ ∃∋ )∃ ∃# ∗ % ∀! ∃) # ∃( # ∋ ) ∃ ∗ % ∃& % # ∀# & ∀∀! ∀∃∗ ∀∗ ∃%∗ ∃∋ ( ∗ ∋ ∃& ∀#∃ ! ∀# ∀ ( ∀& )( ∀(! )% %∃ ∃(∋∀ ∀#∃
(. ∀∃∋ (%) ∃∗& ∀∋ ∀∃ #∀ % #% ∀∃ ∀! ! ∀! ∀%) ! ∀∋ #! %! #& & )& ∀∃! #∋ ∀∀( ∃# ∀)% ∀!! ! ∃∃%∃ ∀∃## ∀#% #! ∗# (( (% ∋∃ %∃ ! ) ) ∀∋ #∋∀ %) ∃& ∀∋∀ ## # !
(/ ∀! ∀∀∃ ! ! #∃ ∀∃ ! ∀& ( ∀%% ∗& ∃∃∃ ∀%& & ∃% ∗! (& ∃#∀ # & ∀% (∗ ∀∃ ∃( ∀∋∃ ∀( ∃! ∋#& ∃)∗ ∋∃ ∋∀ %∀ ∃∃( ∃) )% ∃∗ ! %% ! ! ∋(∗ ∋&) ∋)∋ ∃∀ ∀( ∃%( !
)0 # ∀∗ ∀% ! ∀ ! ∃ ! ( ! ! ( ∀ & % ! ∀& ∃∀) ! ! ∀ ! ∀ ! ∀ ! ∀ #) ∃ %&∃ )∀ ∃# ∀∋ %∃ ∀∋ ∀ ! ∀ ! % #∃(∃ ∃#∋∃ ! () #∋ ! !
)∋ ∃∃ ∋& ∃& ∃∃ ∀! ! ! %% ∃∀ #∃ ∀ ∃( ∀) ∃ ! ) ∃( ∀∗∃ ∃ ! ∃ ∀) ∗ ∋! ∋ # ) (∃ ∀ ∃∗ ∃!!∃ %&∃ ∃(∋ ∀(# )# ∃∃∃ ! ! ! ! ∀)%# ∀#!) ! ∀∋∃ )∃ ∋ !
)( ! ∃ #∀ ! ∀! #& # # ∀∀ & ∗ ∀# ∀∗ ∀ ∀∃ ∋ ∀∀ ∃∗ ∃ ∀∀ ) #! # ∋ ∀% ∀) ∗ %( ∃∀ %∀ #∀ ∀#∀ & (∀ ∃! & ! ! ! ! %) ∀∀∀ # ∃!% ! ∀∃ #(
)) ! ! ! ! ! ! ! ∃! ! % # ∋ ∀∀ ! % ∃ # ∗ ! ) ∀ & ∀ ∀ ∀! ! % ∀) ∀# ∃! ∃# )& ∀∗# ∋∃ ) ∃ ! ∀#) ( ∃( ∃#! #∗∀ #∃ %∃ ! &% !
)∗ ! ∀! ! ! ! ! ! ∀ ! ∃ ∀ ∀ # ! ∃ ∀ ∀ # ! ∃ ! ∃ ! ∀ ∋ ∃ ∃ ( ∋ ( ∋ ∃ ∃ )∀∃ ! ∀ ! ! ! ! ! ! ∃∃ ∀∀! ! %# ∀%
)+ ! ) ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ∋ ! ! ! ! ∀ ! ! ! ! ∗∀ ∀&∃ ∃ ! ! ! ! ∋∗# ! ! ∀! ! ! !
), ! ! ! ! ! ! ! #% ! ! ! % ! ! ! ! ! ! ∀ ! ∀ ∋( ∀ ! ! ) ! & ∀ ! ! ! & ! ! #∋ ! ! ! ! ∀∗ ! ! ! ! ∀ !
)− ! ! ! ! ! ! ! ! ! ! ∀ ! ∀ ! ∋( ! ! ! ! ∀ ∃ ! ∀ ∀ ∃&∋ ! ! ∀∀ ∀# ∋∗ ∋!∃ ∀# ∀) ∃ ∀ ∀ ! ! ! ! ! ! ! ! ! ! !
). ∃ ∃ ∋∗ ! ∗ #! ∗ ∀(# ∃& )! #∋ )! ∀#) ) ∀∃) ∀∗ #! (! ∋ %# ∃∗ ∀!% #! ∃( ∃∀∋ )! ∋# ∃(∗ ∀∗∀ #!∗ ∃!% ∃( ∃( ! #∀ ∃& ! ∋∋&& # ∀)( ∀ #( %∀∀ ∀∗∋ ∀(% #& !
)/ ! ! ! ∀ ! ! ! ! ! ∀∋ ∀( ∀( ∋∗ ∋ ! ( ∀) #∀ ! ∃∀ ) ∀( # ) )( ! ! ∀#∃ ∀& ∀%( ∋& ) % # ∃ # ! ∀ ∀ ∀ ! ! ∃∃ ∃ ∀## ! !
∗0 # )% ! ! # ! ∀ ∀ # ∀! # ( ∀) ∀ # # ( ∃( ∀ ∀) ∃ ∃& % ∃ ( ( # ∃∃ % & ∀∃ # # # ∋ # ! ∀∋ # ∀∀ ) ∀∃ && ∃∗ ∀∀% ∃ !
∗∋ ! ) ! ! ! ! ! ! ∀ ∀ ∀ ∀ ∃ ! ∀ ! ∃ # ! ∀ ! ) ∀ ∀ ∀ ∃ ! ∀∋ ∃ ∀∃ ∋ # ∀ ∀ ∀ ∃ ! ∀( ∋ ( ∀∃∀ ∃ ) & &∃ ! ∀
∗( ∀ (& #% ∋ ! ∃#& ∃# ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ∃&∀ %∃ ∀(∃ ! #%∋ ! ! ! ∋∃ !
∗) ∗% (∀! ∋#& ∀& ∃) #% ∀∀ %( ∀( )## )∀ #&∃ )∋( ∀!∗ ∀∃∃ ∀∀∀ ∀)∋ ∃∗( #∀ ∋( #) ∃#% ∀!∀ ∃!( #∃∗ ∃!# ∃∀ ∀!!! #∀( ∃!∃ )!! ∀(& ∀∗∃ %&! ∀∋∃ ∀!∀ ! ∋) ) ∀∃ ∀#∃! ∗∃∗ ∋(% ∋&( ∀(∋) (%∗ ∃∀
∗∗ # ## ∀( ∃ ! ∀∃∗ ∀) ∀∀∀ )! #) ∀∋ ∃∃ ∃# % (∀ ∀! ∀& ∋& ∃ ∃# ∀! #& ∀∀ & )∃ ∀( ∃∗ (& )# &∗ (! ∀∃ ∀∋ & ( ) ! % ∀ % ∃∋ ∋∃ &∋( )% %∋ ∃∋∃∋ !
∗+ ∋ ∋ # ! ! #∋ ∀) ∃∀ ∀ ∀∗ ∀∋ ∗ ∃∗ # & ∋ ∀% ∀! ∃ ∀∋ & ∋% & ∀∀ ∃) ∃∃ ∋( ∀∋∀ #∀ ∋! ∋! ∀% ∀∀ ∗ % ∀∀ ! ∋# ∋ ∃) #! #% %!( ∋∀ ∀∗∃ # !
∗, ∀! ∋∃∀ ∀#) #& ∀ ∃## ∀∃∋! ∀∃∃ ∃ ∀∀) ∀!% ∀%& #∗∃ ( ∀(∋ &# ∀∀% )∃% & %∗ &∋ ∃#! %) %% ∃∃∃ ∀)∋ ∗∃ &∀& ∃&∋ )∃∋ #%∃ ∀!∃ ∗& ∀∀( ∗% (# ! ∃!∋ ∃&! ∀& ∋)∗ )() ∀%∋∋ ∀!∗ ∀∃∃ #∃ !
∗− ! ! ! ∋ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ∀∃& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! #∀ ! ! ∃% &&
∗. ! ∃∀ ! ! ! ! ∀ ! ! ∋ # ∃ & ∀ ∃ ∃ # ∃ ∀ ∃ ∃ & ∃ ∀ ) % # ∃# ( ∗ ( ∃ # ) ∀ ∃ ! ( ! ∃ ∀ ∀∃ )∀∃ ∃) ∋! ! !
∗/ ! ! ! ! ! ∀&∃ ! ∀∀! ∃∃ ! ! ! ! ! ! ! ! ! ! ! ! ∃ ! ∀ ! ! ! &! ! ! ∃ ! ! ! ! ! ! ∃! ! ∋ ! ! ))∀ ∃# ∀∗ ∀∃!∃ ##
+0 ∀ ∋& ∀% ∃ ∀ ! # ∃ ! ∀∃ ) ∀! #% ∃ # ) & ∀! ∀ ( % #∗ ∀! ) ∀∋ ∃% # #∀ ∀( ∀( ∃% ∀! ( ∀! ∀∀ ∗ ! )# ∀∃ ∀& ( #& ∀!#& ∀&∀ ∃(( ∀∃& ∀
+∋ ∀( ∀&) (# ) ∋ (∀ &∀ ∀( ∀∀ ∗∋ #∋ #& &( ∃& ∃& ∀∋ ∋∀ ∋∃ ) #∗ ∀∗ ∀∃% ∃& ∀∋ (& ∋∋ (∗ ∃!& (! ∀!∃ ∗( #∋ ∃( #! ∃% ## ! )∀∗ )% ∀!∃ ∃∗% ∃)( )&∀ %! ∀∗% %(& &
+( ! # ! ! # ∃ ∀ # ∃ ∃& ∗ ∀) %∗ ∃ ) ! ∀) ∗ ∀ ∀∃ #% ∀(∋ ∋∃ ( ∀% ∀!∃ ∃ #) ∋! ∃∋ %∀ ∀( ∃∋ ∀∋ )∗ ∋! ! #∋ ) ∀& #) %% ∃∃∀∃ ∃)∗ (∗∋ # !
+) ! ∃(& % ∀ ∀ &∗ ∀% ∀## #( ∃%! ∀(∃ ∀∗) ##( %! ∀∃& ∀#∋ ∃() #&( ∀( ∃∀∃ ∀%∀ ∀)∃∋ ∀%& &! ∋#& %&& (( ∀)∃∋ )∀( %∀∋ %∀% ∃∋∃ ∃!) ∀#& ∀#∗ ∀∋∋ ! (∀& ∗∃ ##∗ %%# ∀∗)∃ #∗∋∗ ∃∃∀ )∋! ∃∀( ∀%
+∗ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
++ ! ! ! ! ! ! ! ∃ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ( # ∀! ! ! ∃! ! ! ∃ !
+, ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
+− ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
+. ! ∀∗ ! ! ! ! ∃ ! ! & ∃ ∋ ∀! ! ∃ ∃ % ∗ ! % ∃ ∃! ∋ ∀ ∋ % # ∀# ) ∋ ∗ ∃ ∃ ∃ # # ! ∀ ! # ! ∃∃ )# ∋! (∋ ! !
+/ ! #∋ ! ! ! ! ! ∋ ! ∃# ∃! )! ∋∀ # ( ∃∃ ∋∗ ∀∀( ∃ ∗ & )∃ ∀! ∋ %∀ ∃( ∗ ∃∋( ∃( ∃∗ ∃& ∀% ∀! )# ∗ ∀∗ ! ! ! ∋ ! ! ∃∗% )( (( ∗# !
,0 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
,∋ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
є #)∗+++ #,)#%+++ ∋,∋#∗+++ ∀&%++ ∃%∀++ ∀,#)∀+ #,∀∋∗++ ∀,!∗∃++ ∃∗!+++ ∗,(∋(+++ ∃,!∋∀++ ∋,∃∀%++ %,#)∀++ ∋,!(%+++ ∃,∃&∗+++ ∀,!)#++ ∀,))(++ #,∃)!+++ ∃%&+++ ∀,#()++ (&∀++ ),%)∀++ ∀,∋∗#++ ∀,!))++ #,∃∋∀++ ∃,∃)∗+++ ),!%∋+++ &,∋%%+++ #,##∀++ ∋,!∋∋+++ %,∃∀#++ ∀,(∗∀+ ∀,)#∃++ ∃,∃!∗+++ ∀,%∀!+ ∀,!)∀+ −+++ %,∗∗&+++ ∀,!()++ ∗(∀++ ∀!,)%∋++ ∗,∗&)+++ ∀),∋∋#++ ∃,()∀++ ∀∃,∋#)++ &,&)#+++ #)#+++
Annex 2: Input-Output Matrix (Colombia)
!∀#∃%&
∋
(
)
∗
+
,
−
.
/
∋0
∋∋
∋(
∋)
∋∗
∋+
∋,
∋−
∋.
∋/
(0
(∋
((
()
(∗
(+
(,
(−
(.
(/
)0
)∋
)(
))
)∗
)+
),
)−
).
)/
∗0
∗∋
∗(
∗)
∗∗
∗+
∗,
∗−
∗.
∗/
+0
+∋
+(
+)
+∗
++
+,
+−
+.
+/
,0
,∋
є
∗. ∗/ +0 +∋ +( +) +∗ ++ +, +− +. +/ ,0 ,∋
! ! ! ! ! ! ! ! ! ! ! ! ! !
! ! ! ! ! ! %( ! ! ! ∀ ∀ ! !
! ! ! ! ! ! ∃∋ ! ! ! ! ! ! !
! ! ! ! ! ! ! ! ! ! ! ! ! !
! ! ! ! ! ! ! ! ! ! ! ! ! !
! ! ! ! ! ! ! ! ! ! ! ! ! !
! ! ! ! ! ! ! ! ! ! ! ! ! !
! ! ! ! ! ! ! ! ! ! ! ! ! !
! ! ! ! ! ! ! ! ! ! ! ! ! !
! ! ! ! ! ! &# ! ! ! ! ! ! !
! ! ! ! ! ! ∀∗ ! ! ! ! ! ! !
! ! ! ! ! ! #∃ ! ! ! ! ! ! !
! ! ! ! ! # (∀ ! ! ! ! ! ! !
! ! ∃ # ! ∋ ∗ ! ∀ ∀ ! ) ) !
! ! ∀ ( ∀ ∃) ∃! ! ! ! ! # ∃ !
! ! ! ! ! ! % ! ! ! ! ! ! !
! ! ! ! ! ! %∀ ! ! ! ! ! ! !
∋ ! ! ! ! ! % ! ! ! ! ! ! !
! ! ! ! ! ! ! ! ! ! ! ! ! !
! ! ! ! ! ! ! ! ! ! ! ! ! !
! ! ! ! ! ! ∀∃∋ ! ! ) ! ∃) ! !
∃ ! %∋ ∗ ! ! &∀ ∀% ∀# ∀ ! ∗( ! !
∀ ! ∀ ! ! ∀ (∃ ∀∋ ! ! ! #∃ ! !
! ! # ! ! ! ( ! ! ! ! ! ! !
& ∀# ∃∋) ∀∋! ( ∃#( ∗% ∋# ∀∗ ∋) ∃ ∃! ∀∀ !
& ∀∃ ∀&∀ ∀∀∀ ∃# ∃&! ∀)% %# ∀( #% % ∀∋! #∗ !
#() )∋ (% ∀ ! ∀)∀ ∃(∋ & # ∀) ∃& ) ! !
∋ ! # ∋# ∃ &# &∀ ∃# ∀ ∀∀&∋ # ∀∃∃ ! !
%∗ ! ∀∋ % ∀ &# ∀% ! ∃ ∀∋ # ∗∋ ) !
! ! # ! ! ! ∀∋ ! ! ! ) ! ! !
! ! ! ∀# ! ! ∃) ∀∀ ! ∀ ! ! ∀ !
! %! ∀#∗ ! ! ! ∋#% ! ∃ ! ! ∃ ∀∀ !
! ∋∀ ∃∋ % ! (& )! ∀#∃ &) #%) # ∋! # !
∀! ! ∀∃ ∀ ! ! ∀∃) ! ! ∀ ∃ ! ∀ !
! ! % ∀∀ ! ! ! ! ! ! ! ! ! !
! ! ! ∀ ! ! ∀! ∀∃∋ %∀ ! ! ∃∋# ! !
! ! ! ∀ ! ! ! ! ! ) ! ! ! !
) ∀∗) #&) ∃%) & ∀(∗ %!∗ ∀∀∋ %& ∃∃) ∀# %∗ & !
! #& ∋# ∀! ! ! ∀∋) ∃∃ ∀) ∀∗ ! ∃% ∋ !
% () #∀ ∀( ∀ %( #% ∋) ∃∀ ∋( ∀# )∋ ∀ !
) ∃( ∀∗ ∀#∋ &)) (∃ #)( ∀%) ∀&( ∃% ( ∋% #∀ !
! %! )) ! ! ! ∀!∃! ! ! ! ∀∃∋ ! ∀!∋ !
∗% ∀∋ ∀&∃ ∀∃# ( ∀&∃ ∃∗∗ ∀!# ∋# )!( ∀∋ ∃&( ∀∋ !
)∃ ∀) ∀#) ∋ ∃% ∃%∋ ∃∃# )∃ ∀∀ &) ∃# )( ( !
(! ∋∀ %# %∃ & ∋#& ∃#∃ ∃∃∋ ∃&∋ ∀(% ∀∋ ∗) &∋ !
%∃ (! #∃% #% (∃ ∋∀& &) ∀ ∀& (( ## #! ∃& !
! ∃∃ ! ! ! ! ∀## ! ! ! ! ! ! !
∀!( )! ∗∀ ∀(∗ ) ∀#& ∀%! #∋ ( ∀∃ ∃ ∀& ∀# !
#∋∀ ∀(# ∋ ∀! ∃ #)∋ ∀%& ! ! ∋ # #) ! !
∀∗ ∀∗∋ ∀##∀ ∋∋∃ ∋& &(& ∃∋# ∀%# ∀∀∀ #∋% ∀) #!# & !
)# (( (∋∗ ∃%!% ∀∋%∀ ∀!∃( ∃)() (∀ (# ∃!( (# ∀∀( ∃& !
∃ ∀∗( %∋∗ %∋# ∀)) &∀% ∀%∋ #%# ∃%& ∋# ∃∀ ∀∃∋ ∀ !
∃∀% )∋& ∀)∀∋ ∃#∋∃ &)% ∃%∋∃ ∃!## (!! ∃∗) ∀∃∃! ∃(% ∗∃∋ ∋%( !
! ! ! ! ! ! ! ! ! ! ! ! ! !
∀ ! ∀∋ ∀∀ ! ) ∀)! )∀ ∃) )% ) & ∀! !
! ! ! ! ! ! ! ! ! ! ! ! ! !
! ! ! ! ! ! ∀ ! ! )!%( ! ∃( ! !
! ∀& ∃( ∀) ! ∋ () ! ∀ ∀∗ ( ∀∗ % !
( ∃∀ #%( ∀) ∃# ∃)∋ %! %! %∋ #∗ ∀ ∗#∋ ∋# !
! ! ! ! ! ! ! ! ! ! ! ! ! !
! ! ! ! ! ! ! ! ! ! ! ! ! !
∀,)∃#++ ∃,!∀)++ %,()∗+++ (,∃%(+++ #,)%∀++ &,%&#+++ ∀!,(##++ ∃,%!∃+++ ∀,%∗)++ ∗,&∋&+++ %∗(+++ ∋,!!∃+++ ∗#)+++ −+++
!∀∀#∃%&∋%()∗+∗),−∗∀%∗.%/∀+0,1%23,)−∃%45∗6∗78−39
!∀# ∃ % & ∋ ( ) ∗ + , ∃− ∃∃ ∃% ∃& ∃∋ ∃( ∃) ∃∗ ∃+ ∃, %− %∃ %% %& %∋ %( %) %∗ %+ %, &− &∃ &% && &∋ &( &) &∗ &+ &, ∋− ∋∃ ∋% ∋& ∋∋ ∋( ∋)
∃ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::< :;=::& :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
% :;:>=: :;??≅& :;:&:≅ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::? :;<=Α< :;::&& :;&:≅Β :;:::: :;Β?&Χ :;?<≅< :;:>>? :;:::: :;Χ≅<Α :;?Β:: :;:?<= :;::&< :;:::: :;:::: :;:::: :;:::: :;:::: :;:::< :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:≅Χ& :;::::
& :;:::: :;:??Β :;?ΑΑ> :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;>?>? :;:::: :;Β:=Β :;::≅= :;:::: :;:::: :;::?≅ :;::&< :;:::: :;:::: :;:::: :;:::: :;::<? :;:::: :;:::: :;:::: :;:::: :;:::: :;:::Χ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:<=Β :;::::
∋ :;:::: :;::<& :;:::: :;&?>< :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::?& :;:::: :;:::> :;<ΧΧΑ :;:??? :;:::: :;:::: :;::?= :;::?Α :;:::< :;:::: :;:::: :;:::: :;:::: :;::Α: :;::Χ= :;:::: :;:::: :;:::: :;:::: :;::≅Β :;:?=< :;:::: :;:::: :;:::: :;::::
( :;:::: :;:::: :;:::: :;:::: :;<=>Χ :;:::: :;:::: :;:::: :;:::: :;:Χ:< :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:??& :;::::
) :;:::: :;:::: :;:::: :;:::: :;:::: :;:Α=Α :;:::: :;:<≅& :;:<:> :;:::& :;::<Χ :;:::< :;::?? :;:::: :;::ΧΧ :;::?≅ :;:::Β :;::<< :;:::: :;::=> :;::?& :;::?< :;:::> :;:::≅ :;::Α< :;:::: :;::Α& :;::?< :;:::: :;:?=& :;::Χ< :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::>: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
∗ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;Α&ΒΧ :;:::: :;:::: :;:::< :;:::Α :;:::≅ :;:::Α :;:::Α :;:::: :;:::≅ :;:::Β :;::?= :;:::: :;::Α= :;:::: :;::?< :;:::> :;:::≅ :;::Α< :;:::: :;=ΑΑ& :;::?? :;:::& :;::Β< :;::<≅ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:&Β≅ :;Χ≅:< :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
+ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::<: :;<<&< :;:::: :;:::: :;:?ΑΧ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::?
, :;::<= :;:::& :;:::> :;:::: :;::&= :;:&≅< :;:::: :;:?Χ> :;:&>≅ :;:::: :;::<: :;:::: :;:::Β :;:::: :;:::: :;:::: :;:::: :;:::& :;:::: :;:::> :;:::: :;:::: :;:::: :;:::: :;:::Β :;:::: :;:::: :;::>? :;:::& :;:=Α? :;::?Χ :;::&Χ :;:::> :;:::: :;:::: :;::=Β :;:::: :;:::: :;:::: :;:::: :;:&:Χ :;:Χ=< :;:::: :;:::: :;:::: :;::::
∃− :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:>≅Α :;:::: :;:::Α :;:?=Χ :;:::: :;:::: :;:::: :;:<=≅ :;:::: :;:::: :;:::: :;:::: :;::<& :;<??: :;:?Β? :;:::: :;:::: :;:::: :;:::< :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;?<≅< :;::::
∃∃ :;:::: :;:::& :;::<Α :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::<? :;&≅?Α :;::&Β :;:Χ<= :;:::: :;:::: :;:?Χ< :;:<&? :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:<ΧΒ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:?≅≅ :;::::
∃% :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::&Χ :;:<Α? :;:?>Β :;:::: :;:::: :;:<ΑΒ :;:?Χ= :;:::& :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::Χ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:&Χ> :;::::
∃& :;:::: :;:::= :;Α?≅Α :;:::: :;<<Β? :;:::: :;:::: :;:::: :;:::: :;::?: :;:::: :;::&& :;<:=: :;:::: :;:::Χ :;:Α&< :;:&≅= :;:?Β≅ :;:::: :;::=> :;:::: :;:::: :;:::: :;:::≅ :;::<= :;:::: :;:::: :;::?Χ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:=Β? :;::::
∃∋ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::Β≅ :;:::< :;?&&> :;:::: :;::&= :;:::Β :;:::: :;:::: :;:::: :;:::: :;:::< :;:::: :;:::: :;:::: :;:::: :;:::: :;:::? :;:::: :;:::: :;:::< :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::Χ :;:?:> :;::::
∃( :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::≅: :;:?Α> :;:::: :;:?Α& :;??<? :;:&Α& :;?<?= :;::&> :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::Α= :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:?Χ> :;::::
∃) :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::<Β :;::Χ? :;:::: :;:::: :;::=Α :;::?& :;:::: :;::&> :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:??Α :;::::
∃∗ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::&> :;:::Α :;:?:> :;:??> :;:::: :;:::: :;::Χ> :;:=&Α :;:&:= :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::≅ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::Β> :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:<=: :;::::
∃+ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::< :;:::: :;:::: :;:::Α :;:::: :;:::: :;::&= :;:::Β :;:Β&> :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::& :;:::: :;:::< :;::<: :;:::& :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::?Χ :;:::: :;?<Α≅ :;::::
∃, :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::&> :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
%− :;:::: :;:::& :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::< :;:::: :;:::Χ :;:::: :;:::: :;:::: :;:::: :;&Χ?= :;?≅>< :;?≅<Χ :;???≅ :;::?≅ :;::Α≅ :;:::Χ :;:::: :;::?< :;::?< :;:::Α :;:::Α :;:::: :;::?& :;::<> :;?Α<< :;::<≅ :;:::: :;:::: :;:::: :;:::: :;:::? :;:::: :;:::: :;:<ΑΧ :;:::: :;::::
%∃ :;:Β≅Β :;:?&Β :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::? :;:::: :;:::: :;:::< :;:::Α :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:Χ≅≅ :;:?>> :;:?<> :;:?&& :;::=& :;::&Α :;:::: :;:::< :;:?:= :;:::: :;:::< :;::?? :;:::> :;::ΑΧ :;::Β= :;::Β> :;:::: :;:::: :;:::: :;:::: :;::&& :;:::: :;:::: :;:::: :;::>< :;::::
%% :;:::: :;:::: :;::<Α :;:::: :;:::: :;:<<< :;::?: :;::=< :;:?&= :;:::: :;:::: :;:::: :;:::& :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::<Β :;<Χ=? :;::Χ: :;:?Χ< :;::<= :;:::: :;:::: :;:::? :;::Χ< :;:::: :;:::: :;:::: :;:::: :;:::Α :;::?≅ :;::?: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::ΧΒ :;::Χ> :;::&Α :;::?:
%& :;:::: :;:::: :;:::Α :;:::: :;::>> :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::&≅ :;<?&: :;:>&: :;:::: :;:::≅ :;:::: :;:::: :;:::≅ :;:::: :;:::: :;:::: :;:::: :;:::≅ :;::&> :;::Χ= :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::> :;:::: :;:::?
%∋ :;:::: :;:?ΧΧ :;::Χ& :;:=Β: :;:::: :;:::: :;:::& :;:&&≅ :;:ΧΧ= :;:::: :;:::: :;:::Α :;:::< :;:::: :;:::: :;::?≅ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::< :;:::: :;:≅=Β :;:::& :;:::Χ :;:::: :;:::Α :;::&& :;::<: :;::&? :;::ΧΑ :;::Α< :;::<& :;<<<Χ :;::&= :;:::: :;:::: :;:::: :;:::: :;:Β<Β :;:<?= :;::Β& :;:::> :;:::Χ :;:::?
%( :;:::: :;:??≅ :;::<≅ :;:::: :;:??Α :;::=≅ :;:::& :;:::: :;::&Χ :;::ΒΧ :;:?&< :;:?Α< :;::≅: :;::<< :;::>Χ :;:=&Β :;:ΑΑ≅ :;:<Β= :;?ΧΑΑ :;:?:≅ :;:?Χ? :;:?:& :;:?&Χ :;:?=: :;<=?Χ :;<ΒΒ≅ :;::<: :;:<ΑΒ :;:<Β? :;:&:≅ :;::Β& :;:?Χ: :;:&Α≅ :;::ΑΧ :;:<&: :;:<≅Α :;:::: :;:::: :;:::: :;:::: :;:::< :;:::< :;:?:: :;::Χ: :;:::≅ :;:::&
%) :;:::: :;:::= :;:::: :;:::: :;:::: :;::<< :;:::Β :;:::: :;:::: :;::?Χ :;::ΑΧ :;::=& :;::Α: :;:::> :;:::≅ :;:&?& :;:?≅≅ :;:<ΧΒ :;::&> :;::<< :;::<Β :;::Α? :;::&& :;::?≅ :;:??> :;:Β<: :;:::Β :;:?>: :;::Χ= :;::&: :;::<& :;::Β? :;::Α< :;::<> :;::<Α :;::=Β :;:::: :;::?≅ :;::&> :;::=< :;:::? :;:::< :;:ΑΧ= :;:?&Χ :;::&Χ :;:::<
%∗ :;:<Α? :;:?Β? :;:<<Α :;:::: :;:&ΧΑ :;:&Β& :;::>Β :;:Χ>Β :;:>≅& :;:::≅ :;::<≅ :;::<Χ :;::&≅ :;:::> :;:??= :;::<= :;::<Β :;::?Α :;::>Α :;::ΒΑ :;::>> :;::Α: :;::Χ: :;::<= :;::Χ: :;::&Α :;:<?> :;:?Α< :;::Α> :;:ΒΒΑ :;::&≅ :;::&≅ :;::Α≅ :;::?= :;:?>Χ :;?<ΑΒ :;:::: :;::?≅ :;:::≅ :;::>< :;::?> :;::Α> :;:??: :;:<:Χ :;::Α: :;&:≅Β
%+ :;&ΧΑΧ :;<?Β& :;:Β>? :;:>Α& :;:ΧΒ: :;:<<≅ :;::?≅ :;:&&: :;:Χ?Χ :;::?: :;:::: :;::<Χ :;:<Β: :;:::: :;::Β? :;:<=Α :;:&=Α :;:??> :;:<≅≅ :;:Χ<< :;?Α&Β :;::Β: :;:>=Χ :;:<?= :;:Χ=? :;:ΧΧ& :;:::: :;<Β>< :;&>:< :;:&&Β :;::Χ= :;:Α?≅ :;:Α:& :;:&ΧΧ :;:<Β? :;:Α≅: :;:::: :;:::> :;::Χ> :;:?ΧΧ :;:&<& :;::ΒΑ :;::?= :;:Α?& :;::<> :;:::&
%, :;:<>≅ :;:&?> :;:::: :;:::: :;?<<Β :;::=≅ :;:::: :;:?ΒΑ :;:<Χ? :;:?>: :;:Χ=: :;:Α<> :;:<ΒΑ :;::<: :;:??Χ :;:=ΑΑ :;:Α:? :;:>?? :;:??< :;::Α= :;:<:Α :;:?Χ: :;::=: :;:<ΑΒ :;:Χ&= :;::>Α :;::&≅ :;:Α?> :;:>>= :;:?:Χ :;::ΒΒ :;:&Χ? :;?Χ=< :;:??& :;:&Χ= :;:<>Β :;:::: :;::≅Χ :;:::: :;:::: :;:ΧΑ& :;:Χ=Β :;:<≅Χ :;::>Β :;::?Χ :;:&:<
&− :;::=Χ :;::ΑΧ :;::&Β :;:::: :;::&= :;:::: :;:::Β :;:::: :;:<Χ? :;:::: :;:::: :;::?> :;:::< :;::<: :;::<Β :;:::: :;:??Β :;:ΒΒ< :;:::: :;:::: :;::?& :;:::: :;:::> :;:::: :;:::& :;:::: :;:::< :;::Χ? :;:::Β :;?Β=Β :;::=< :;:?<= :;::≅? :;:<=? :;::=> :;::?: :;:::: :;:::? :;:::: :;::Β< :;&:≅> :;<&ΧΒ :;:::: :;:<>& :;::<> :;::::
&∃ :;:Β?& :;:?&Β :;::Β& :;??=& :;:&=& :;:::: :;:::: :;:Β:Χ :;:><Χ :;::&& :;:::Α :;::ΒΧ :;::<Χ :;:::Α :;:::: :;::Χ> :;:?>& :;:Α≅? :;::>Α :;:::: :;::<Β :;::<> :;::Β: :;:&>≅ :;::?< :;::?& :;::?: :;::=Α :;:::& :;::>< :;&<<< :;&=:= :;?>=≅ :;:>=& :;:&<≅ :;<??< :;:::: :;:::: :;:::: :;:::: :;?Χ=: :;?&:> :;:::: :;:Α?Β :;::Χ< :;:::Α
&% :;:::: :;:::Β :;::>: :;:::: :;:&=& :;:<=? :;::?: :;::<> :;:&>≅ :;:::= :;::ΧΧ :;::&? :;::&: :;:::< :;::Α< :;::&= :;::>? :;::=≅ :;::>Α :;::=: :;::ΒΧ :;::Α& :;::<: :;::&= :;::Χ≅ :;::ΒΒ :;::?= :;::>≅ :;::Β& :;:?Α? :;::Α: :;:>&? :;::Α< :;:&<? :;:?<Χ :;::>Β :;:::: :;:::: :;:::: :;:::: :;::Β< :;:??? :;:::< :;:>Χ≅ :;:::: :;::?Χ
&& :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:?=& :;:::: :;:::Β :;::?Α :;:::≅ :;::?> :;:::: :;::<Β :;::?≅ :;::?≅ :;::<= :;:::: :;::&Β :;::?& :;::?Χ :;:::> :;:::≅ :;::&? :;:::: :;::?< :;::?= :;::&≅ :;::Χ≅ :;::&> :;:&<Χ :;?<Β: :;:?≅: :;::&? :;::?≅ :;:::: :;:?≅& :;::ΒΑ :;:<>= :;:<?= :;:&≅< :;::<? :;:<<Α :;:::: :;::≅>
&∋ :;:::: :;::<= :;:::: :;:::: :;:::: :;:::: :;:::: :;:::≅ :;:::: :;:::< :;:::Α :;:::< :;:::Α :;:::: :;:::≅ :;:::≅ :;:::Β :;:::≅ :;:::: :;::?Α :;:::: :;:::Χ :;:::: :;:::≅ :;::?< :;:::≅ :;:::Χ :;:::= :;::?< :;::?> :;:::Β :;::?? :;::?& :;<&?= :;:::: :;::?: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::?Χ :;:Χ:: :;:::: :;::>?
&( :;:::: :;::?Χ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::&= :;:::: :;:::: :;:::: :;:::: :;:::& :;:::: :;:::: :;:::: :;:::: :;:Χ?< :;??&: :;::?≅ :;:::: :;:::: :;:::: :;:::: :;:ΧΒ> :;:::: :;:::: :;::&Β :;:::: :;::::
&) :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:&&: :;:::: :;:::: :;:::: :;::?Χ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::&> :;:::: :;::?& :;::=& :;:::> :;:::: :;:::: :;::<< :;:::: :;:::≅ :;:::& :;:::: :;:::: :;:::: :;::Α< :;:::: :;:::: :;:&<Χ :;:::: :;:::: :;:::: :;:::: :;::?= :;:::: :;:::: :;:::: :;:::: :;:::?
&∗ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::Α :;:::: :;:::< :;:::: :;:<:Α :;:::: :;:::: :;:::: :;:::: :;:::> :;::<Β :;:::: :;:::> :;:::≅ :;:=>Β :;:::: :;:::: :;::?& :;::&≅ :;:?<? :;:ΒΧ> :;::>& :;::≅= :;:::≅ :;:::Β :;::?: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
&+ :;::ΑΒ :;:::Β :;:??: :;:::: :;:&ΧΑ :;:<<< :;::<≅ :;?Α=Χ :;:≅ΒΒ :;::Α? :;:?Β> :;:??≅ :;:<?& :;::?< :;:ΑΧΒ :;:?=: :;:?≅& :;:<?Α :;:?Χ≅ :;:ΧΑ= :;:&>? :;:?== :;:<:? :;:<ΑΒ :;:ΒΒ: :;:<<? :;::=Α :;:&&: :;:Α>& :;:>ΒΧ :;:&&< :;:?Α? :;:?>Β :;:::: :;:?≅& :;:<ΒΒ :;:::: :;ΒΧ?& :;::<= :;?Β?> :;:::? :;::&> :;:&≅Β :;:>:Α :;:?Χ< :;::Χ&
&, :;:::: :;:::: :;:::: :;::ΑΧ :;:::: :;:::: :;:::: :;:::: :;:::: :;::?Χ :;::=& :;::Χ: :;::>> :;::?: :;:::: :;::ΒΒ :;::≅Β :;::≅Α :;:::: :;:?Α& :;::ΒΧ :;::&: :;::<: :;::Χ> :;:?>Β :;:::: :;:::: :;:?ΑΒ :;::ΑΧ :;:Χ?& :;::>> :;::<= :;::&≅ :;::?Χ :;::?< :;::<≅ :;:::: :;:::? :;:::≅ :;::?: :;:::: :;:::: :;::?Χ :;:::> :;:?:> :;::::
∋− :;::=Χ :;:?Α= :;:::: :;:::: :;:??Α :;:::: :;:::& :;:::≅ :;:?:& :;::?: :;::?Α :;::?> :;::<Χ :;:::< :;::?& :;::<= :;::ΧΑ :;::=& :;::&> :;:?:≅ :;::<Β :;::Α: :;::Χ: :;::?≅ :;::<< :;::&? :;:::Β :;::<Β :;::?= :;::<: :;::?≅ :;::?> :;::<: :;::?Χ :;::<Α :;::<≅ :;:::: :;::<: :;::<= :;:??& :;:::Α :;::?< :;::Α> :;:?:Α :;::≅& :;:::<
∋∃ :;:::: :;::?Χ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::&Χ :;:::? :;:::Α :;:::< :;:::& :;:::: :;:::Χ :;:::: :;::?& :;:::≅ :;:::: :;:::> :;:::: :;:::≅ :;:::> :;:::≅ :;:::& :;:::≅ :;:::: :;::?> :;:::Β :;::&: :;:::Β :;::?> :;:::> :;:::Α :;:::Β :;::?≅ :;:::: :;::<Χ :;::&> :;::>< :;:??Α :;:::< :;:::& :;::<≅ :;::ΒΒ :;::::
∋% :;::<= :;:<<? :;::=? :;:<?Α :;:::: :;?>Β< :;::>& :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:Χ:< :;:Α>> :;?>>? :;:::: :;:&ΒΑ :;:::: :;:::: :;:::: :;::Χ>
∋& :;<Β>Χ :;<::= :;:≅=> :;:≅Β= :;:≅Α= :;:<ΒΒ :;::&Α :;:Β?Χ :;:Α=Β :;:ΑΧ> :;:<Α: :;:≅:Β :;:=Β? :;:<Β> :;:Α&& :;?:ΑΧ :;:≅=≅ :;:≅?Χ :;??Α> :;:&Χ< :;:ΧΧ= :;:Χ?= :;:Β>Β :;?≅Β< :;?:?Α :;:=≅≅ :;::Χ? :;??=? :;:≅Α< :;:Α:: :;:=:Α :;:≅≅Χ :;?<Α& :;&:>= :;:==< :;:≅Β? :;:::: :;::ΒΧ :;::Χ> :;:?<Χ :;?<Α: :;:≅&: :;:&:= :;?>>: :;?Χ:& :;:=Β≅
∋∋ :;::=Χ :;::≅& :;::&= :;:?:= :;:::: :;:≅ΑΑ :;::Χ= :;?:?Β :;?><Χ :;::&Β :;::Β≅ :;::Α< :;::&Β :;::?Α :;:&?: :;::≅Α :;:??Β :;:?Χ= :;::>Α :;:?Β> :;:?<= :;::Β> :;::>Χ :;::>Β :;:?Β: :;::>Α :;::Α> :;::≅< :;:?Α≅ :;:<<: :;:??& :;::Β> :;::≅? :;::&Β :;::Χ& :;::Χ= :;:::: :;:::≅ :;:::≅ :;::Β< :;::<& :;::Χ< :;:ΑΧ= :;:<:Χ :;::Α? :;<>&=
∋( :;:??? :;::?? :;:::> :;:::: :;:::: :;:<Α< :;::Χ= :;:?≅< :;::&Χ :;::?≅ :;::Β≅ :;::<? :;::ΧΒ :;:::> :;::&Α :;::&= :;:?:& :;::&? :;::>Α :;:?:< :;:?:< :;::=? :;::ΑΧ :;:?:Χ :;::>> :;::≅> :;::≅& :;:?Β> :;::≅& :;::≅≅ :;::ΒΧ :;::=≅ :;::>< :;::Χ? :;::&> :;:?:Α :;:::: :;::Β? :;::&> :;:<Α> :;::<= :;::&Β :;:&≅& :;:?Χ≅ :;:?ΑΧ :;:::&
∋) :;:<>≅ :;??≅? :;:&:Χ :;<:Χ& :;::&= :;?><Α :;&≅&= :;???> :;::Β≅ :;:??= :;:Α?≅ :;:&≅= :;:Β?> :;::?> :;:>Β: :;:>== :;:>ΧΑ :;?Β?= :;:<≅≅ :;:Α:< :;?:>Β :;:Χ:> :;:Χ&Α :;:Β<Β :;:Β=Α :;:Β=< :;:?=< :;:≅ΒΒ :;:=Α& :;?<≅Β :;:Α=& :;:Α>: :;:ΒΧ: :;:Α&: :;:Α≅Β :;:Β≅Α :;:::: :;:<≅< :;<Β:Α :;:?=Α :;:Χ&Χ :;:Α>Β :;?:ΒΑ :;:&≅Β :;::≅= :;::&Β
∋∗ :;:::: :;:::: :;:::: :;:<?Α :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:<Α& :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::<: :;:::: :;:::: :;::<≅
∋+ :;:::: :;::Α≅ :;:::: :;:::: :;:::: :;:::: :;:::& :;:::: :;:::: :;:::Χ :;::?Α :;:::Α :;::?& :;:::< :;:::≅ :;::?≅ :;::?≅ :;:::Β :;::&> :;::?Α :;::<Β :;::?Χ :;::?& :;:::≅ :;::?Α :;::<> :;:::Β :;::<> :;::<? :;::<< :;::?? :;::?? :;::<: :;::<& :;:::Β :;::?≅ :;:::: :;::?: :;:::: :;::<? :;:::? :;::?< :;:&&< :;::≅? :;::&< :;::::
∋, :;:::: :;:::: :;:::: :;:::: :;:::: :;?&Χ> :;:::: :;?::> :;:>Α≅ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::Χ :;:::: :;:::≅ :;:::: :;:::: :;:::: :;::≅Χ :;:::: :;:::: :;:::& :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::<≅ :;:::: :;::Χ? :;:::: :;:::: :;:&Α> :;::=Χ :;::?Α :;?&Α=
(− :;::<= :;:?&Β :;::&Β :;:?:= :;::&= :;:::: :;::?: :;::?= :;:::: :;::?< :;::<Χ :;::<Χ :;::Α> :;:::Α :;::?& :;::Χ> :;::Α? :;::&? :;::&> :;::Α? :;::>> :;::Β≅ :;::Β> :;::Χ> :;::Χ& :;:??Α :;:::Β :;::&> :;::Α? :;::Χ< :;::Χ< :;::ΑΒ :;::ΧΒ :;::ΧΑ :;::Β= :;::=Β :;:::: :;::>Β :;:??< :;:?=Α :;:::> :;::&= :;:Β>< :;:ΒΑ= :;:<<& :;:?ΧΑ
(∃ :;:Χ>Χ :;:Α<& :;:?ΒΧ :;:<Β≅ :;:?Α& :;:Α<Β :;:<Α> :;:?ΑΒ :;:&>≅ :;::≅Β :;:?Β> :;::≅: :;:?&> :;::Β≅ :;:?<< :;:?&& :;:<Β& :;:?<≅ :;:?=> :;:<=Χ :;:<Χ& :;:<<& :;:?== :;:?&& :;:<Χ? :;:?≅Α :;:?ΑΒ :;:<ΧΒ :;:<?: :;:<Α< :;:?ΑΒ :;:?≅: :;:?>Β :;:?&Β :;:?Β? :;:&?Χ :;:::: :;:>Χ< :;:Α<? :;?:Α: :;:<=: :;:<Α> :;:&>Β :;:<?= :;:?Α= :;:>ΒΒ
(% :;:::: :;:::= :;:::: :;:::: :;:??Α :;::?Α :;:::& :;::<> :;::Β≅ :;::<≅ :;::ΧΧ :;::&Β :;:?:≅ :;:::Α :;::<< :;:::: :;::≅Β :;::<= :;::&> :;::=> :;:ΧΒ? :;:&:= :;:<=? :;::ΒΒ :;::Χ≅ :;:ΧΑ< :;:::Χ :;::Χ? :;:?<: :;::Α≅ :;::≅= :;::≅Α :;:?Α> :;::Β& :;:&ΒΒ :;:&=? :;:::: :;::Χ≅ :;::Χ> :;:?=Α :;::&& :;::ΒΒ :;?Χ&< :;:≅Χ? :;:Β&≅ :;:::&
(& :;:::: :;:>=Β :;::?Χ :;::ΑΧ :;::&= :;:ΒΑ≅ :;::Α? :;?<?= :;?<>Β :;:<Β> :;:=Χ& :;:ΧΒ& :;:Α&? :;:?Χ> :;:ΑΑ≅ :;?<>& :;?>ΒΒ :;??≅? :;:Β&Χ :;?ΑΧ< :;<:Β? :;<Β≅> :;??<Α :;:>Α= :;?&Α? :;&:ΧΒ :;:?Α< :;?=:: :;?ΑΑ< :;?Α?= :;:≅≅? :;?&Α? :;?&&= :;:Β<Α :;:=Β& :;?&>: :;:::: :;?:<Β :;:=ΑΒ :;&Χ≅? :;:Β<= :;?≅ΑΑ :;<ΑΑ> :;:=:& :;:Χ&Χ :;:<ΧΑ
(∋ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
(( :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::?= :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::?: :;::<= :;:?:& :;:::: :;:::: :;::?& :;:::: :;:::: :;:::<
() :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
(∗ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
(+ :;:::: :;::ΑΧ :;:::: :;:::: :;:::: :;:::: :;:::Β :;:::: :;:::: :;:::= :;::?: :;:::≅ :;::?Β :;:::: :;:::≅ :;::?≅ :;::&≅ :;::<= :;:::: :;::ΧΧ :;::<Β :;::&Α :;::<> :;:::≅ :;::?< :;::<> :;:::Β :;::?Α :;::?Α :;::?: :;::?Χ :;::?? :;::?& :;:::≅ :;::?≅ :;::<≅ :;:::: :;:::? :;:::: :;::&? :;:::: :;::<< :;::&Χ :;:?ΧΑ :;::Β: :;::::
(, :;:::: :;::≅Β :;:::: :;:::: :;:::: :;:::: :;:::: :;::&> :;:::: :;::<Χ :;::≅= :;:??≅ :;::ΒΑ :;:::> :;::&? :;:<:≅ :;:&?Α :;:&Β: :;::>Α :;::ΒΑ :;:?:< :;::≅< :;::Β> :;::&= :;:?== :;:?<: :;::?= :;:<≅< :;::=? :;::>< :;::ΧΑ :;::=≅ :;::ΒΑ :;:<Χ: :;::ΑΒ :;:?=? :;:::: :;:::: :;:::: :;::Χ? :;:::: :;:::: :;:?≅< :;:<:> :;::Β< :;:?:Α
)− :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
)∃ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
є ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? : ? ? ? ? ? ? ? ? ?
!∀∀#∃%&∋%()∗+∗),−∗∀%∗.%/∀+0,1%23,)−∃%45∗6∗78−39
!∀#
∃
%
&
∋
(
)
∗
+
,
∃−
∃∃
∃%
∃&
∃∋
∃(
∃)
∃∗
∃+
∃,
%−
%∃
%%
%&
%∋
%(
%)
%∗
%+
%,
&−
&∃
&%
&&
&∋
&(
&)
&∗
&+
&,
∋−
∋∃
∋%
∋&
∋∋
∋(
∋)
∋∗
∋+
∋,
(−
(∃
(%
(&
(∋
((
()
(∗
(+
(,
)−
)∃
є
∋∗ ∋+ ∋, (− (∃ (% (& (∋ (( () (∗ (+ (, )− )∃
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::Β< :;:::: :;:::: :;:::: :;::?Χ :;:::< :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::<< :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::>> :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::?= :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::&: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::& :;::ΒΒ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::& :;:::Χ :;:::: :;:::Α :;:::= :;:::: :;:::Β :;:::? :;:::: :;::?< :;::Α& :;::::
:;:::: :;:::: :;:::: :;:::? :;::?: :;:::& :;::<≅ :;::?≅ :;:::: :;:::: :;:::: :;:::: :;:::> :;::<? :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::Β :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::Α> :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;::<Β :;:::: :;:::: :;:::: :;:::: :;:::: :;:::Β :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:??Β :;:::: :;:::: :;:::Α :;:::: :;::Β< :;:::: :;::::
:;:::: :;::?& :;:::: :;::≅Α :;::?< :;:::: :;:::: :;::>Α :;::Β? :;::>> :;:::? :;:::: :;:<Χ< :;:::: :;::::
:;:::: :;:::> :;:::: :;:::? :;:::: :;:::: :;:::? :;::Β> :;::ΑΧ :;:::: :;:::: :;:::: :;::=: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::Χ :;:::: :;:::: :;:::: :;:::> :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;::Α& :;::ΒΑ :;:&Β< :;:?≅& :;::<: :;:<>& :;::=≅ :;:?ΒΑ :;:??< :;::ΧΒ :;::<≅ :;::Α: :;:??= :;::::
:;:::: :;::Α& :;::Β: :;:<Β= :;:?Α& :;::ΒΑ :;:&<< :;:?ΧΑ :;:<Χ< :;:?:: :;::&> :;::=Β :;:&Α: :;:Χ?> :;::::
:;&>&≅ :;<ΧΒ< :;:<Β= :;:??< :;:::? :;:::: :;:?>Χ :;:<ΑΑ :;::&? :;::?= :;::?Α :;:Χ:< :;::?< :;:::: :;::::
:;:::: :;::<Β :;:::: :;:::Χ :;::Α≅ :;:::Β :;::≅Β :;::>Α :;::== :;:::Β :;?<:< :;::Χ& :;:&:Α :;:::: :;::::
:;:::: :;:ΧΑ& :;:::: :;::<? :;:::= :;:::& :;::≅Β :;::?Α :;:::: :;::?< :;::?Χ :;::Χ& :;:<&Α :;::Α& :;::::
:;:::: :;:::: :;:::: :;:::Χ :;:::: :;:::: :;:::: :;::?& :;:::: :;:::: :;:::: :;::>< :;:::: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;::?= :;:::: :;:::: :;::<& :;::Χ< :;:::: :;:::? :;:::: :;:::: :;::?? :;::::
:;?:Χ= :;:::: :;:<≅= :;:<:Β :;:::: :;:::: :;:::: :;:Χ:Β :;:::: :;::?< :;:::: :;:::: :;:::Α :;:??= :;::::
:;:::: :;:::: :;:<:& :;::&Β :;:::= :;:::: :;::≅: :;::Χ> :;:Α:> :;:Α:? :;:&>? :;::Χ& :;:?:: :;::&< :;::::
:;:ΧΑ& :;::ΒΒ :;:::: :;::?= :;:::? :;:::: :;:::: :;:??Β :;:::: :;:::: :;:::? :;::<≅ :;:::: :;::?? :;::::
:;:::: :;:::: :;:::: :;:::≅ :;::?Α :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::? :;:::: :;:::: :;:::≅ :;:Χ>> :;:&Β: :;:::: :;:::: :;:Β:> :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::? :;:::: :;:::: :;:::: :;:::: :;:::: :;:::Α :;:::: :;:::: :;:::: :;::::
:;:::: :;::&& :;:≅Β= :;:Α>: :;:&ΒΑ :;::<< :;:<:Β :;:ΑΒ> :;:Χ&= :;:Χ:? :;:<<= :;:?=> :;:?>< :;::=Β :;::::
:;:::: :;:::: :;:?=≅ :;::ΒΧ :;::?Χ :;:::: :;:::: :;:?&Α :;::=Α :;::== :;::?≅ :;:::: :;::ΒΑ :;::Χ& :;::::
:;:::: :;::&≅ :;:&>< :;::ΧΒ :;::<& :;:::& :;::>> :;::&Χ :;:?>& :;:?<Χ :;::Χ= :;:?=> :;:?&Α :;::?? :;::::
:;::<= :;::&& :;:?&Χ :;::<= :;:?=Χ :;<Χ:? :;::=& :;:&&& :;:Β&Χ :;??:& :;::<Β :;:?:: :;:??Α :;:&&< :;::::
:;:::: :;:::: :;:<≅= :;::=? :;:::: :;:::: :;:::: :;:≅Α: :;:::: :;:::: :;:::: :;?>>≅ :;:::: :;???< :;::::
:;:Α≅Α :;:Β&: :;::Β≅ :;:<Β≅ :;:?Β≅ :;::<: :;:<?: :;:<>≅ :;:&≅Β :;:<ΑΧ :;:Α?Α :;:<:? :;:>?> :;:?Α: :;::::
:;:::: :;:&Χ? :;::>Χ :;:<:: :;:::Β :;::>& :;:&:Χ :;:<:= :;:<:: :;::ΒΑ :;::=Β :;:&&: :;:?Χ< :;::>Α :;::::
:;:::: :;:ΧΒ: :;:<:& :;::≅& :;::=Α :;::<< :;:Α:Χ :;:<?Β :;:=Β? :;?Β>Β :;:?>≅ :;:<:? :;:<&> :;:=≅= :;::::
:;:::: :;:Χ:> :;:&Χ> :;:Χ=< :;::Α: :;:<:< :;:Χ=? :;::>≅ :;:::Χ :;:?:Β :;::>= :;:Χ>& :;::>Α :;:<≅≅ :;::::
:;<Χ≅& :;:::: :;:?:≅ :;:::: :;:::: :;:::: :;:::: :;:?<Χ :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:>:& :;:<Χ= :;:?&Α :;:<ΧΒ :;::?Χ :;:?Α≅ :;:?Χ≅ :;:?&? :;::Χ? :;::?< :;::<≅ :;::ΧΑ :;:?&≅ :;::::
:;:≅&Α :;<<&≅ :;:=Α≅ :;:::Β :;::?Χ :;:::Β :;:Χ:= :;:?Α> :;:::: :;:::: :;:::Χ :;::Χ& :;::=> :;:::: :;::::
:;::<= :;:?<Α :;:≅Β& :;?≅Β≅ :;:Β:= :;:?&Α :;?:?? :;:<<Β :;:Β<Β :;:ΒΑΑ :;:&Α? :;:<?Α :;:>Α> :;::=Β :;::::
:;:<<> :;:&Χ= :;:&=< :;??:= :;&Α=Β :;Χ?:& :;??=& :;<&≅≅ :;:<>& :;:Χ&? :;:<?: :;?:Χ> :;:<≅< :;:<≅≅ :;::::
:;:::: :;::?& :;:≅>= :;:≅Β: :;:==Α :;:Χ&Α :;:≅Χ: :;:?Α& :;?&≅Α :;?Α=? :;::ΧΧ :;:&:? :;:&?: :;::?? :;::::
:;:ΧΑ& :;?Χ?= :;<><: :;<<Χ: :;&<<& :;<Χ:Χ :;&:Χ& :;?=≅Χ :;<Β≅: :;?>Χ: :;?<&≅ :;&≅Β: :;<&:≅ :;Χ≅≅Α :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:::> :;:::: :;::<? :;::?Α :;:::: :;:::Β :;:?Χ: :;:?≅Β :;:?Χ> :;::Α> :;::>< :;::<: :;:?:> :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::? :;:::: :;:::: :;Α?ΧΑ :;:::: :;::Β> :;:::: :;::::
:;:::: :;:::: :;::=≅ :;::Χ: :;::<? :;:::: :;:::Α :;::>: :;:::: :;:::Β :;::?≅ :;:?:: :;::Χ> :;::ΒΧ :;::::
:;:::: :;::ΧΒ :;:?:Χ :;:ΑΧ& :;::<? :;::ΒΑ :;:<≅& :;::ΑΒ :;:<&? :;:&>= :;::Χ: :;::?Χ :;<&&Χ :;:ΧΒ: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
:;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;:::: :;::::
? ? ? ? ? ? ? ? ? ? ? ? ? ? :
Annex 4: Sector-Field Relation Matrix (Colombia)
No. 1 2 3 4 5 6 7 8 !∀
1 ! ∀ ∀ ∀ ∀ ∀ ∀ ∀ !
2 ! ∀ ∀ ∀ ∀ ∀ ∀ ∀ !
3 ! ∀ ∀ ∀ ∀ ∀ ∀ ∀ !
4 ! ∀ ∀ ∀ ∀ ∀ ∀ ∀ !
5 ! ∀ ∀ ∀ ∀ ∀ ∀ ∀ !
6 ∀ ∀ ∀ ∀ ∀ ∀ ! ! #
7 ∀ ∀ ∀ ∀ ∀ ∀ ! ! #
8 ∀ ∀ ∀ ∀ ∀ ∀ ! ! #
9 ∀ ∀ ∀ ∀ ∀ ∀ ! ! #
10 ∀ ∀ ∀ ∀ ∀ ∀ ! ∀ !
11 ∀ ∀ ∀ ∀ ∀ ∀ ! ! #
12 ∀ ∀ ∀ ∀ ∀ ! ! ! ∃
13 ! ∀ ∀ ∀ ∀ ! ! ! %
14 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
15 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
16 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
17 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
18 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
19 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
20 ∀ ∀ ∀ ∀ ∀ ∀ ! ∀ !
21 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
22 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
23 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
24 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
25 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
26 ∀ ! ∀ ∀ ∀ ∀ ∀ ∀ !
27 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
28 ∀ ∀ ∀ ∀ ∀ ! ! ! ∃
29 ∀ ∀ ∀ ∀ ∀ ! ! ! ∃
30 ∀ ∀ ∀ ∀ ∀ ! ! ! ∃
31 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
32 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
33 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
34 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
35 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
36 ∀ ∀ ∀ ∀ ! ! ! ∀ ∃
37 ∀ ∀ ∀ ∀ ∀ ∀ ! ! #
38 ∀ ∀ ∀ ∀ ∀ ∀ ! ! #
39 ∀ ∀ ∀ ∀ ∀ ! ! ! ∃
40 ∀ ∀ ∀ ∀ ∀ ∀ ! ! #
41 ∀ ∀ ∀ ∀ ∀ ∀ ! ∀ !
42 ∀ ∀ ∀ ∀ ∀ ∀ ! ∀ !
43 ∀ ∀ ∀ ∀ ! ! ∀ ∀ #
44 ∀ ∀ ∀ ∀ ∀ ∀ ! ∀ !
45 ∀ ∀ ∀ ∀ ! ! ∀ ∀ #
46 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
47 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
48 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
49 ∀ ∀ ∀ ∀ ∀ ! ∀ ∀ !
50 ∀ ∀ ∀ ∀ ∀ ! ! ∀ #
51 ∀ ∀ ∀ ∀ ∀ ! ∀ ∀ !
52 ∀ ∀ ∀ ∀ ∀ ! ∀ ∀ !
53 ∀ ∀ ∀ ∀ ∀ ! ∀ ∀ !
54 ∀ ∀ ∀ ! ! ! ∀ ∀ ∃
55 ∀ ∀ ! ∀ ∀ ∀ ∀ ∀ !
56 ∀ ∀ ! ∀ ∀ ∀ ∀ ∀ !
57 ∀ ∀ ∀ ! ! ∀ ∀ ∀ #
58 ∀ ∀ ∀ ∀ ∀ ∀ ! ∀ !
59 ∀ ∀ ! ∀ ! ∀ ∀ ∀ #
60 ∀ ∀ ! ∀ ! ∀ ∀ ∀ #
61 ∀ ∀ ∀ ∀ ∀ ∀ ∀ ∀ ∀
#∀∃%&∋()∗(+&,−./∀)0
Annex 5: Sector-Field Proportion Matrix (Colombia)
Field / Sector ! ∀ # ∃ % & ∋ ( ) !∗ !! !∀ !# !∃ !% !& !∋ !( !) ∀∗ ∀! ∀∀ ∀#
1 AGRONOMY, VETERINARY, AND RELATED FIELDS 0.0780 0.1334 0.3164 0.3172 0.3439 0.0000 0.0000 0.0000 0.0000 0.7577 0.2852 0.6128 0.3715 0.8003 0.6135 0.1443 0.0902 0.0042 0.4925 0.1622 0.0141 0.0053 0.0007
2 ARTS 0.0000 0.0008 0.0000 0.0000 0.0000 0.0022 0.0006 0.0000 0.0000 0.0014 0.0054 0.0083 0.0050 0.0007 0.0009 0.0313 0.0199 0.0246 0.0037 0.0022 0.0026 0.0051 0.0033
3 EDUCATION 0.0000 0.0048 0.0000 0.0000 0.0000 0.0000 0.0000 0.0037 0.0000 0.0012 0.0049 0.0059 0.0032 0.0004 0.0015 0.0104 0.0157 0.0180 0.0037 0.0033 0.0051 0.0046 0.0033
4 HEALTH AND WELFARE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
5 SOCIAL SCIENCES 0.1393 0.1058 0.0497 0.0484 0.0479 0.0259 0.0041 0.0531 0.0310 0.0295 0.0208 0.0528 0.0486 0.0141 0.0299 0.0651 0.0703 0.0652 0.0665 0.0255 0.0331 0.0323 0.0401
6 ECONOMICS, ADMINISTRATION, ACCOUNTING AND RELATED FIELDS 0.4071 0.4239 0.2609 0.3280 0.2615 0.4251 0.2387 0.4515 0.4385 0.0891 0.1809 0.1854 0.2619 0.1076 0.1663 0.4163 0.4629 0.4801 0.2705 0.2804 0.4663 0.5305 0.3795
7 ENGINEERING, ARCHITECTURE, URBANISM, AND RELATED FIELDS 0.2400 0.2381 0.2125 0.2796 0.2079 0.4762 0.4859 0.3736 0.4178 0.1100 0.2754 0.0962 0.1974 0.0743 0.1407 0.2515 0.2654 0.3336 0.1399 0.4669 0.3965 0.4013 0.5303
8 SCIENCE AND MATH 0.1356 0.0932 0.1605 0.0269 0.1389 0.0706 0.2706 0.1181 0.1126 0.0111 0.2274 0.0386 0.1124 0.0026 0.0472 0.0810 0.0756 0.0742 0.0230 0.0596 0.0824 0.0208 0.0428
Field / Sector ∀∃ ∀% ∀& ∀∋ ∀( ∀) #∗ #! #∀ ## #∃ #% #& #∋ #( #) ∃∗ ∃! ∃∀ ∃# ∃∃ ∃% ∃&
1 AGRONOMY, VETERINARY, AND RELATED FIELDS 0.2448 0.0118 0.0000 0.0000 0.0027 0.0015 0.0002 0.0000 0.0000 0.0000 0.0000 0.0050 0.0048 0.0000 0.0000 0.0000 0.0000 0.0096 0.0182 0.0000 0.0000 0.1558 0.0000
2 ARTS 0.0019 0.0117 0.0620 0.0006 0.0170 0.0048 0.0030 0.0023 0.0061 0.0052 0.0027 0.0025 0.0086 0.0000 0.0019 0.0037 0.0082 0.0001 0.0002 0.0548 0.0134 0.0034 0.0002
3 EDUCATION 0.0019 0.0094 0.0060 0.0009 0.0146 0.0041 0.0036 0.0023 0.0045 0.0033 0.0120 0.0028 0.0090 0.0000 0.0010 0.0028 0.0124 0.0000 0.0000 0.0109 0.0104 0.0031 0.0055
4 HEALTH AND WELFARE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
5 SOCIAL SCIENCES 0.1052 0.0640 0.0565 0.0076 0.0823 0.0564 0.0335 0.0457 0.0586 0.0713 0.1679 0.0488 0.0731 0.0000 0.0063 0.0042 0.0211 0.0645 0.0483 0.0446 0.1063 0.0810 0.0489
6 ECONOMICS, ADMINISTRATION, ACCOUNTING AND RELATED FIELDS 0.3854 0.4471 0.6203 0.0757 0.4855 0.4698 0.4297 0.3818 0.5389 0.5203 0.5026 0.4606 0.5414 0.0000 0.2237 0.2879 0.5402 0.4550 0.5084 0.6411 0.4986 0.3649 0.4664
7 ENGINEERING, ARCHITECTURE, URBANISM, AND RELATED FIELDS 0.2280 0.3352 0.2254 0.4790 0.2492 0.2803 0.3443 0.3931 0.3443 0.3144 0.2808 0.4457 0.3135 0.0000 0.4201 0.4516 0.3244 0.3263 0.3018 0.2150 0.3018 0.3311 0.4665
8 SCIENCE AND MATH 0.0328 0.1208 0.0299 0.4362 0.1487 0.1831 0.1857 0.1749 0.0476 0.0855 0.0339 0.0348 0.0496 0.0000 0.3471 0.2498 0.0937 0.1446 0.1231 0.0335 0.0695 0.0606 0.0125
Field / Sector ∃∋ ∃( ∃) %∗ %! %∀ %# %∃ %% %& %∋ %( %) &∗ &! +,
1 AGRONOMY, VETERINARY, AND RELATED FIELDS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0101 0.0000 0.0000 0.0000 0.0014 0.0002 0.0000 0.0000 !∀##∃%
2 ARTS 0.0000 0.0053 0.0060 0.0268 0.0153 0.0065 0.0322 0.0145 0.0242 0.0100 0.0037 0.0086 0.0350 0.0417 0.0000 #∀&!∋(
3 EDUCATION 0.0000 0.0030 0.0052 0.0292 0.0025 0.0032 0.0152 0.0168 0.0311 0.0336 0.0077 0.0079 0.1187 0.0337 0.0000 #∀&)%∃
4 HEALTH AND WELFARE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.2573 0.0000 0.0034 0.0000 0.0000 #∀∋!#%
5 SOCIAL SCIENCES 0.0297 0.0568 0.0189 0.0453 0.0138 0.0053 0.0503 0.0279 0.0903 0.1273 0.2939 0.0208 0.1880 0.0754 0.0000 ∗∀(∗+∃
6 ECONOMICS, ADMINISTRATION, ACCOUNTING AND RELATED FIELDS 0.5793 0.6654 0.6388 0.6244 0.8446 0.7158 0.7106 0.5897 0.6014 0.5636 0.2697 0.6215 0.4604 0.6305 0.0000 ∋&∀+%∗!
7 ENGINEERING, ARCHITECTURE, URBANISM, AND RELATED FIELDS 0.3909 0.2501 0.2579 0.2405 0.1016 0.2676 0.1709 0.2994 0.2167 0.2356 0.1126 0.3159 0.1587 0.2107 0.0000 )%∀∋))∃
8 SCIENCE AND MATH 0.0000 0.0196 0.0733 0.0339 0.0222 0.0015 0.0206 0.0415 0.0363 0.0298 0.0553 0.0239 0.0355 0.0080 0.0000 &∀)∋&#
Annex 6: Test for સ difference1 
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